Introduction
There can be few more striking observations in mammalian physiology than the wide variation between species in the relation of fetal to maternal weight. The variation is considerable in respect of mean fetal weight; it is even more conspicuous when account is taken of differences in litter size by use of total litter weight. For example, the birth weight of the offspring of the polar bear is about 0.3% of the weight of the adult female; the corresponding figures for litters of the laboratory mouse and guinea-pig are respectively 45% and 60%. Estimates for most other mammals, including man (6%), fall between these extremes. Leitch, Hytten, and Billewicz (1959) showed that this variation is related to maternal size; in general, the larger mammals give birth to young of relatively lower weight. Again there are exceptions-for example, the horse (9%) and cow (6%) have higher birth weight/matemal weight ratios than the smaller black bear (2%). But when mammals are grouped according to size the trends are quite regular (Table I) . Further light is thrown on these observations by consideration of duration of gestation and litter size. The trends are again consistent in the grouped data; wih -increasing mater- nal size the duration of gestation increases and the number of young decreases (Table II) . Against this background it is possible to attempt a few generalizations. Larger mammals developed from smaller mammals as a result of selective advantages associated with increasing size in certain environments. Increased size is associated with longer life, with longer reproductive life, and with prolongation of the period of gestation. With increasing duration of gestation the number in the litter is reduced; so too is the ratio of fetal to maternal weight. Finally, with increasing size of mammals the trend is towards increasing maturity at birth. Table III summarizes in broad terms differences in the experience of small and large mammals. These generalizations raise many issues, but in the present context it will be possible to focus on only one of them: the significance of reduction of litter size.
Significance of Reduction of Litter Size
The continued existence of -many -small mammals .with large litters indicates that in some ensrironments the balance oi advantages does not. favour reduction of litter size. But in other environments, and-particularly those in which larger mammals evolved, selection has led to a smaller number of fetuses, in primates usually to one.
Some influences which favour small litters are fairly obvious-for example, the difficulty for arboreal and aquatic mammals of caring for multiple offspring. Another influence, and in the present context a particularly significant one, is the environment to which the young are exposed at birth; in certain conditions it must be an advantage for the newborn to be more mature, or at least relatively less immature.
In most mammals which have been investigated birth weight is inversely related to litter size. This relationship is well illustrated in human multiple pregnancy, where the low birth weight is attributable partly to early parturition and partly to retardation of fetal growth (McKeown and Record, 1952) . On this evidence, which is consistent with observations on many other species, it seems permissible to conclude (a) that in man and certain other mammals selection has favoured the single and relatively more mature fetus, and (b) that this trend has been associated with, and perhaps may be said to have required, prolongation of the period of gestation.
In the light of these conclusions it is understandable that an increase in the number of fetuses above the number characteristic of a species leads to retardation of fetal growth and early delivery, This, however, does not explain the retardation of fetal growth observed during the last weeks of human single pregnancy.
The retardation which results in the sigmoid character of the curve representing prenatal growth is not due to slowing down of growth determined by the genes of the fetus, for after adaptation to the postnatal environment the newborn infant resumes approximately the rate of growth shown during the period of linear fetal growth between 30 and 36 weeks' gestation (Fig. 1) . The genetically determined retardation does not occur until between three and six months after birth (McKeown and Record, 1953) . These observations raise two questions: Why should the single fetus be retained in the uterus beyond the time when its growth can be fully supported? and Does the child experience any ill-effects in postnatal life in consequence of retarded prenatal growth?
The answer to the first question must presumably be sought in the significance of increased maturity in natural selection. During man's evolution mortality was high immediately after birth and a majority, probably a large majority, of live-born individuals died without reproducing. In such circumstances any increase in maturity would oonfer advantages in natural selection which, as already noted, contributed to the reduction of litter size. Even in the case of the single fetus prolongation of pregnancy beyond the period of maximal fetal growth might be expected if any associated disadvantages were more than offset by the advantages of increased maturity at birth. In recent times, and particularly during the present century when the large majority of live-born children survive and reproduce, the balance of advantages may have changed. But in so short a period there has not been time for adaptation, and the number of fetuses and duration of gestation are presumably as they emerged from man's evolution in very different circumstances. The second question arises: Does the child experience any ill-effects in postnatal life in consequence of retarded prenatal growth? This question is the starting point for the discussion which follows.
Various indices might be used to investigate possible influences of prenatal development-for example, postnatal growth, adult size, fertility, morbidity, and age at death. The present examiination relies on an estimate of intelligence, assessed in a large population of schoolchildren in the 11-plus examination. The data comprise verbal reasoning scores for about 50,000 Birmingham children born in the period 1 January 1950 to 1 September 1954. The methods and results were described fully by Record, McKeown, and Edwards (1969a , 1969b , 1970 .
Influence of Birth Weight and Duration of Gestation
At the outset it is essential to recognize the difficulties which beset investigation of human prenatal growth. Consecutive observations on the size of representative fetuses at different stages of development are not available, and ideas concerning growth rates are necessarily based on mean birth weights for different periods of gestation. In this approach it is assumed that fetuses delivered spontaneously are representative of those in the uterus at the same time, an assumption not inoonsistent with experimental and clinical evidence but also without convincing support. Moreover, the familiar sigmoid curve based on mean birth weights clearly cannot be considered to correspond to the growth of an individual fetus, since it results from amalgamation of a number of different patterns of growth, only some of which would show evidence of retardation. Ideally, to assess the possible influence of retardation of fetal growth it would be desirable to oompare the intelligence of children delivered spontaneously after a period of retardation with that of identical children delivered artificially before retardation had begun. Needless to say, such evidence is not available and is unlikely to become available. The most that can be attempted is an assessment of intelligence of children with different birth weights and durations of gestation.
Little attention has hitherto been given to the significance of duration of gestations, but there have been several examinations of the relation of birth weight to intelligence. There is so far little evidence that these two variables are related, except in the case of the subnormal (Barker, 1966) and children with associated physical disabilities or very low weights (Drillien, 1964) .
Investigation of the significance of birth weight and duration of gestation is complicated by the relation of measured intelligence to sex and birth rank. Mean verbal reasoning scores are a little higher for female than for male children, and since birth weights are lower it is clearly essential to introduce a correction when data for the sexes are amalgamated. Also,. scores decrease and birth weights increase with increasing birth rank, and the inverse relationship again makes adjustment necessary. (The relation of verbal reasoning scores to birth rank is considered more fully below.)
Birth Weight
The association between measuired intelligence and birth weight after standardization for sex and birth rank is shown in Fig. 2 . with increasing weight. The figure is based on all births, and hence makes no allowance for the possible influence of duration of gestation. For births of the same duration of gestation, at least after 38 weeks, however, the results are consistent; scores are positively correlated with birth weight. Even in a large population of children the numbers are not large enough to justify a firm conclusion about the relation of measured intelligence to weight at gestations of less than 38 weeks.
The main difficulty in interpretation of the association between birth weight and intelligence is uncertainty whether the differences are mainly within families or between families. Birth weight is well known to be related to social class; so too is measured intelligence. In these circumstances the class variation might reflect birth weight differences within families; or the birth weight variation (in verbal reasoning scores) might reflect differences between families, associated with social class.
Possibly the only means of resolving this issue is to examine the index of intelligence according to birth weight within the same families. Here, however, there is the difficulty that birth weight differences between sibs are usually small, and where they are large there must be reservations about the comparability of the sibs on other grounds. Nevertheless, the sib evidence is of value, particularly in assessing the significance of small or moderate weight differences. Score differences for 2,863 sib pairs, given in Table IV , leave little doubt that if birth weight differences are below 1.5 kg. the effect on the score is trivial. Where the difference in weight is greater the number of pairs is inevitably small; but so far as it goes the evidence suggests that, though greater, the score differences are still not large (1-5). The relatively small effect on verbal reasoning scores associated with weight differences within the same families suggests that the considerable differences observed in a general population of births (Fig. 2) Record et al. (1969b) is'consistent with previous reports in suggesting that the influence ,of birth weight on measured intelligence is very small, except possibly at very low weights. And at such levels the effect of weight cannot be distinguished confidently from other handicaps, whether recognized or unrecognized, associated with low birth weight.
Duration of Gestation
The distribution of verbal reasoning scores according to duration of gestation is ridge-shaped, being highest for births delivered between 38 and 41 weeks, and lower for those delivered earlier or later than this time (Fig. 3) The considerable difference between this result based on sibs and that based on all children (Fig. 3 ) might again be explained by the complex relationship between families. For example, it might be attributable to a correlation between social class and duration of gestatiorL Record et al. (1969b) , however, suggested a simpler explanation which may account largely, or even wholly, for the relationship between measured intelligence and gestation in a general population of children. They examined mean scores of children born at 40-41 weeks according to the duration of gestation of their sibs. The distribution was ridge-shaped, values being highest for children whose sibs wemre delivered during 38-41 weeks and lower for those whose sibs were born earlier or later.
It is difficult to explain this association except as an artifact from errors in reporting the onset of pregnancy. But if short and long durations are more prone to error, as seems probable, identification of children according tlo the duration of gestation of their sibs may be, in effect, identification according to the intelligence of their mothers (on the not unreasonable assumption that the less intelligent mothers are MIICAL JOURNAL more likely to be mistaken about the dates of their last menstrual periods). If this interpretation is correct, variation in verbal reasoning scores according to gestation between families, as within families, may be quite trivial.
The evidence so far discussed suggests that in single pregnancy measured intelligence bears little relation to birth weight or duration of gestation, except possibly at very low weights where there must be doubt about the "normality" of the births and at short and long durations of gestation where the accuracy of the estimates is in question. A much more exacting test of this conclusion can be applied in twin pregnancy, where, by comparison with single pregnancy, the retardation of fetal growth and reduction of the period of gestation are extreme.
Mean verbal reasoning scores of twins are 95.7 (compared with 100.1 for single births) and in general they show the same relationship to birth weight and duration of gestation as scores of single births. Nevertheless, there are considerable score differences between twin and single births of the same weight.
The matter can be investigated by comparison of the scores of the heavier and lighter twins of the same pairs (Table VI) . (44) (857) As in the case of the comparison between sibs, the score differences are very small, except where weight differences are considerable (more than 0-7 kg).
Postnatal Influences
The evidence that within families (or, in the case of twins, within the same pairs) verbal reasoning scores bear little relationship to birth weight or duration of gestation suggests that, in single pregnancy at least, measured intelligence is little affected by retardation of fetal growth. It also suggests that the relationship between intelligence and birth weight observed in a general population of births (Fig. 2) must be attributed to differences between rather than within families. These conclusions are considerably strengthened by evidence that the large differences between families are due to postnatal rather than prenatal influences (Record et al., 1969a) .
Verbal reasoning scores according to maternal age and birth order for three social groups, classified according to father's occupation, are shown in Fig. 4 . Within each group the scores increase with increasing age and decrease with increasing birth rank; between groups the scores increase consistently from C (the least favourable) to A (the most favourable).
The differences between the social groups are clearly due to differences between families, leaving open for the moment whether they are due to prenatal or postnatal influences.
The results shown in Table VII was provided by twin data (Record et al., 1970) . The material included 962 pairs in which both twins took the 11-plus examination and 148 pairs in which only one twin was examined, the co-twin having been stillborn or having died within the first month after birth. Mean verbal reasoning scores were 95-2 if both were examined and 98-8 if only one. The latter score is only 0-7 lower than the corresponding figure for single births. The observation that in spite of considerable differences in prenatal growth rates and durations of gestation there are only small differences between verbal reasoning scores of single births and twins whose co-twin died before or soon after birth provides good grounds for two conclusions. The first is that the retardation of fetal growth in single and twin pregnancy has little influence on measured intelligence assessed at age 11. The second conclusion is that the striking associations in a general population of births between measured intelligence and such variables as birth weight, duration of gestation, maternal age, and birth rank are due to postnatal influences where they are not (as in the case of duration of gestation) the result of artifact. 
Discussion
On grounds discussed above, it was suggested that in single as in multiple pregnancy the human fetus is commonly retained in the uterus beyond the period when its growth can be fully supported. Though there is no direct evidence, this seems the most acceptable interpretation of the sigmoid curve representing prenatal growth, and of the observation that soon after birth the child resumes about the same rate of growth as between 30 and 36 weeks' gestation, when growth is maximal.
There is no reason to suppose that the growth of all fetuses is retarded. In normal single pregnancy the main determinants are birth rank, sex, and parental size, and by reference to these influences it is possible to specify circumstances in which restrictions on growth may or may not be expected. They are likely for firstborn males with a small mother and large father (a combination of influences which maximizes fetal capacity for growth and minimizes maternal ability to support it) and unlikely for later-born females with a large mother and small father (a combination which reverses the major influences). In respect of the probability of retarded growth, most normal single fetuses fall between these extremes.
An explanation of a duration of pregnancy beyond the period of maximal rate of fetal growth must presumably be sought in the advantages in natural selection of maturity at birth. It seems clear that in large mammals, including primates, selection has favoured reduction of litter size and prolongation of pregnancy. And even when there is only one fetus it may still be an advantage for it to be retained in the uterus if in consequence it is better fitted to meet the risks of death encountered after birth. At least during the later part of man's evolution the risks from infectious disease were formidable, and the development of immunity may have been among the most important reasons for prolongation of gestation length. There is little doubt that though the child is not mature in the sense that the hare and foal are mature at birth, as judged by ability to care for themselves in the postnatal environment, nevertheless it is somewhat better equipped immunologically at 40 than at 36 weeks.
The evidence discussed above suggests that the retardation of fetal growth in single pregnancy, and even the more pronounced retardation in twin pregnancy, have little influence on intelligence as measured in the 11-plus examination. This conclusion is based on the very small differences in verbal reasoning scores between sibs of different weights and durations of gestation, and still more convincingly on the observation that twins whose co-twins do not survive beyond one month after birth perform almost as well as single births, whereas when both twins survive the results are substantially lower (Record et al., 1970) . This finding overcomes many difficulties in interpretation, and since variation due to birth weight and duration of gestation, maternal age and birth rank, type of twinning and order of birth can be eliminated, it can hardly be explained except as a result of differences in postnatal experience between single and paired twins.
The data also threw light on the prolonged debate concerning the interpretation of the relation between measured intelligence and family size, which led to the conclusion that intelligence was declining. This relation is due mainly to a difference between rather than within families and cannot be dismissed as a result of a familial association between intelligence and birth rank. Nevertheless, all the evidence, including particularly the experience of single and paired twins, points to a postnatal rather than a congenital explanation for the observed variation.
